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ELECTROSTATIC TRANSPORTATION DEVICE , DEVELOPMENT DEVICE AND IMAGE 

FORMATION APPARATUS 

FIELD OF THE INVENTION 
5 The present invention relates to an electrostatic 

transportation device, a development device and an image formation 
apparatus . 

BACKGROUND OF THE INVENTION 

10 As an image formation apparatus such as a reproducing machine, 

a printer, a facsimile or the like, there is one where a latent 
image is formed on a latent image carrier using an electrostatic 
photographic process, developer (hereinafter, referred to as toner, 
too) as a fine particle is attached to the latent image to develop 

15 the latent image and visualize the latent image as a toner image, 
and an image is formedby trans f erring the toner image onto a recording 
medium (including an intermediate transferring member) . 

In such an image formation apparatus, as a development device 
for developing a latent image, there has been conventionally known 
20 one where toner which is stirred in a development device is carried 
to a surface of a developing roller which is a developing agent 
carrier, the toner is transported to a position opposed to a surface 
of a latent image carrier by rotating the developing roller, the 
latent image of the latent image carrier is developed, toner which 
25 has not been transferred to the latent image carrier is recovered 
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'in the development device after the development by rotation of the 
developing roller, toner is newly stirred/charged and carried and 
transported. 

Also, as the image formation apparatus, there has been known 
5 one where developing is carried out by a so-called jumping developing 
system where toner is transferred from a developing roller to a 
latent image carrier with non-contact, as described in Japanese 
Patent Application Laid-Open (JP-A) No. 09-197781 and JP-A 
09-329947. 

10 Further, as the image formation apparatus, there has been 

known one where toner is transported on a developing roller surface 
using electrostatic force, toner is separated from the developing 
roller surface by attracting force occurring between the toner and 
a latent image carrier to be attached to a latent image carrier 

15 surface, as described in JP-A 05-19615, or one where toner is 
transported at a position opposed to a latent image carrier using 
a transporting base plate for transporting toner with electrostatic 
force, and the toner is separated from a transporting surface with 
attracting force occurring between the latent image carrier and 

20 the toner to be attached to a surface of the latent image carrier, 
as described in JP-A 59-18375 or the like. 

Also, as another image formation apparatus, there has been 
known a flying type (toner jetting type) image formation apparatus 
where a control electrode is disposed between a developing roller 

25 carrying toner and a recording medium and a back electrode is disposed 
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behind the recording medium, toner is made flyable in a direction 
of the recording medium by generating electric field between the 
back electrode and the developing roller, and an image is formed 
on the recording medium by selectively controlling the flying of 
5 toner with the control electrode, as described in JP-A 11-170591, 
JP-A 11-115235 and JP-A 11-179951. 

Also, as fine particles transporting apparatus for 
transporting fine particles such as toner particles, there has been 
one where fine particles are transported using spatial 

10 travelling-wave field, as described in JP-A 07-267363. This 
apparatus is structured such that a spatial travelling-wave field 
is formed around an electrode by applying a driving voltage to the 
electrode and repelling force and driving force act and charged 
fine particles by the travelling-wave field so that the fine 

15 particles are transported in a travelling direction of the field. 
As a classifying apparatus for classifying fine particles such as 
toner particles or the like using this spatial travelling-wave field, 
there has been proposed one where classification (fractionation) 
is performed by applying electrostatic force, weight, centrifugal 

20 force or the like to the fine particles , as described in JP-A 8-14 9859 . 

However, in the image formation apparatus provided with the 
development device applying toner to a latent image carrier using 
the developing roller, or the flying type image formation apparatus 
where toner is carried on a developing roller and the toner is flied 

25 from the developing roller to a recording medium by controlling 
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'an electric field, toner invades a space between the developing 
roller and a side plate of the development device, in which the 
toner is rubbed and toner solidification occurs, which results in 
adverse influence on an image, or a seal member around the development 
device has been degraded according time elapse, toner is scattered 
by stirring/charging the developer or toner in the development device , 
which results in a background dirt of an image. 

Furthermore, when toner has been charged by frictional 
charging or charging due to corona discharging, saturated charged 
toner section and unsaturated charge toner section exist in a mixed 
manner so that the toner has a large charge distribution. When 
such toner is forcibly transferred to a developing roller using 
a magnetic brush or a transferring roller, toner section of the 
toner which has been once carried on the developing roller is detached 
from the developing roller in a state where a developing speed of 
the developing roller is a speed (linear speed of lOOcm/VHF or so) 
so that toner may be scattered or a background for a formed image 
becomes dirty easily. 

Further, in the development device which performs the 
so-called jumping development, since delivery and reception of toner 
which has been charged with a high voltage must be performed, there 
is a problem that a high voltage power source is required, which 
results in large-sizing of an apparatus and increase in cost. 

On the other hand, the present inventors have studied the 
conventional electrostatic transportation device which transports 
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toner using an electrostatic force obtained by a spatial 
travelling-wave field and they have found that, in the conventional 
electrostatic transportation device where each of a plurality of 
electrodes is set to be 150 to 250|jm and an interval between the 
5 electrodes is set to be 250 to 500pm, toner stays in a mountain 
manner between the adjacent electrodes so that stable toner 
transportation can not be achieved effectively. 

Also, when toner is transported by an electrostatic force, 
since toner particles are different in size and shape, there is 
10 such a problem that it is difficult to achieve a stable transportation, 
it is required to achieve matching between the toner and the charging 
member in the conventional electrostatic transporting apparatus, 
and so on. 



15 SUMMARY OF THE INVENTION 

It is an object of the invention to provide an electrostatic 
transporting apparatus which allows stable and efficient 
transportation and hopping of fine particles and provide a 
development device and an image formation apparatus where, using 

20 ETH (Electrostatic Transport & Hopping) phenomenon, configuration 
can be simplified and cost reduction can be achieved, a low voltage 
driving is allowed, and a high image quality can be obtained. 

The ETH phenomenon means a phenomenon where fine particles 
are applied with energy of phase-shifting field, the energy is 

25 transformed to mechanical energy, andthe fine particles themselves 
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' fluctuate dynamically. The ETH phenomenon is a phenomenon 
including movement (transportation) of fine particles in a 
horizontal direction due to electrostatic force and movement 
(hopping) of fine particles in a vertical direction due to 
5 electrostatic force, and it is a phenomenon where fine particles 
jump on an electrostatic transporting base plate with a component 
of a travelling direction due to a phase-shift field, A phenomenon 
utilizing the ETH phenomenon is called ETH phenomenon. 

When behaviors of fine particles on a transporting base plate 

10 are expressed in a distinguishing manner, "transportation", 
"transporting speed", "transporting direction" and "transporting 
distance" are used for movement of a horizontal direction to a 
transporting body, and "hopping", "hopping speed", "hopping 
direction" and "hopping height (distance)" are used for fly 

15 (movement) of in a vertical direction to the transporting body. 
Incidentally, "carry" included in the terms "electrostatic 
transportation device" and "carrying body" is synonymous with 
"movement" . 

According to one aspect of the present invention, there is 
20 provided an electrostatic transportation device comprising a 
transporting base plate having a plurality of electrodes which 
generate a electric field which performs carrying and hopping of 
fine particles by electrostatic force, wherein the width of each 
electrode in a travelling direction of fine particles is set to 
25 be in a range of 1 time to 20 times an average particle diameter 
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of the fine particles, the pitch between adjacent electrodes in 
the travelling direction of fine particles is set to be in a range 
of 1 time to 20 times the average particle diameter of the fine 
particles, and driving waveforms of n phases or more (n is an integer 
5 of 3 or more) are applied to respective electrodes. Incidentally, 
the term "travelling direction" means a direction of the fine 
particles moving along the transporting base plate . Also, the term 
"fine particles" is used to include "particle or granule", "fine 
particle or granule", "powder", "fine powder", "powder body", "fine 

10 powder body" and the like. 

Also, according to another aspect of the present invention, 
there is provided an image formation apparatus comprising: an 
electrostatic transportation device according to the present 
invention which has a transporting base plate which transporting 

15 fine particles towards a developing section by electrostatic force; 
an electrostatic transportation device according to the present 
invention which has a transporting base plate which performs hopping 
of fine particles in the vicinity of the latent image carrier by 
electrostatic force; or an electrostatic transportation device 

20 according to the present invention which has a transporting base 
plate which transports fine particles towards a developing section 
by an electrostatic force; and an electrostatic transportation 
device according to the present invention which has a transporting 
base plate which performs hopping of fine particles in the vicinity 

25 of an image carrier by an electrostatic force. 
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According to still another aspect of the present invention, 
there is provided a development device comprising : an electrostatic 
transportation device according to the present invention which has 
a transporting base plate which transporting fine particles towards 
a developing section by electrostatic force; an electrostatic 
transportation device according to the present invention which has 
a transporting base plate in the vicinity of an image carrier by 
electrostatic force, or an electrostatic transportation device 
according to the present invention which has a transporting base 
plate which transports fine particles towards a developing section 
by an electrostatic force; and an electrostatic transportation 
device according to the present invention which has a transporting 
base plate which performs hopping of fine particles by an 
electrostatic force. 

Other objects and features of this invention will become 
understood from the following description with reference to the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWIGNS 

Fig. 1 is a diagram that shows a first embodiment of an 
electrostatic transportation device according to the present 
invention; 

Fig. 2 is a diagram that shows a transporting base plate 
of the apparatus; 

Fig . 3 is a diagram that shows one example of driving waveforms ; 
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Fig. 4 is a diagram that shows transporting and hopping of 
fine particles; 

Fig . 5 is a diagram that shows an electrode width and a interval 
between electrodes; 
5 Fig. 6 is a graph that shows one example of a relationship 

between the electrode width and an electric field at an electrode 
end of OV (X direction) ; 

Fig. 7 is a graph that shows one example of a relationship 
between the electrode width and an electric field at an electrode 
10 end of 0V (Y direction) ; 

Fig. 8 is a diagram that shows a wave form of a driving wave f orm; 

Fig. 9 is a graph that shows a relationship between a waveform 
of a driving waveform and a horizontal movement distance; 

Fig. 10 is a graph that shows one example of a relationship 
15 in voltage of a driving waveform between a Y-direction speed and 
a hopping height; 

Fig. 11 is a graph that shows one example of a relationship 
between a film thickness of a surface protecting layer and a field 
intensity; 

20 Figs. 12A and 12B are diagrams which show relationships 

between a film thickness of a surface protecting layer and a field 
intensity , respectively; 

Fig. 13 is a diagram that shows a coarsening process for 
a surface protecting film; 

25 Fig. 14 is a diagram that shows a voltage application time 
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' and voltage application duty of a driving waveform; 

Fig. 15 is a diagram that shows one example of a driving 
waveform where a voltage application duty is about 67%; 

Fig. 16 is a diagram that shows one example of a driving 
waveform where a voltage application duty is about 33%; 

Fig. 17 is a diagram that shows one example of a second 
embodiment of an electrostatic transportation device according to 
the present invention; 

Fig. 18 is a diagram that shows another example of the second 
embodiment; 

Fig. 19 is a diagram that shows a first embodiment of an 
image formation apparatus according to the present invention; 

Fig. 20 is a diagram that shows a development device section 
of the image formation apparatus; 

Fig . 2 1 is a diagram that shows amain section of the development 
device ; 

Fig. 22 is a diagram that shows a developing action of the 
development device; 

Fig. 23 is a graph that shows one example of a relationship 
between a driving frequency of a driving waveform and a toner 
transporting speed; 

Fig. 24 is a diagram that shows a transporting base plate 
of a second embodiment of an image formation apparatus according 
to the present invention; 

Fig. 25 is a diagram that shows a main section of a third 



embodiment of an image formation apparatus according to the present 
invention; 

Fig, 2 6 is a diagram that shows a main section of a fourth 
embodiment of an image formation apparatus according to the present 
5 invention; 

Fig. 27 is diagrams that show a main section of a fifth 
embodiment of an image formation apparatus according to the present 
invention; 

Fig. 28 is a diagram that shows driving waveforms output 
10 from a fifth driving circuit of the image formation apparatus; and 

Fig. 29 is a diagram that shows a main section of a sixth 
embodiment of an image formation apparatus according to the present 
invention . 

15 DETAILD DESCRIPTIONS 

Embodiments of the present invention will be explained below 
with reference to the drawings. First, a first embodiment of an 
electrostatic transportation device according to the present 
invention will be explained with reference to Figs. 1 and 2. 

20 Incidentally, Fig. 1 is a schematic configuration diagram of the 
electrostatic transportation device and Fig. 2 is an explanatory 
plan view of a transporting base plate of the electrostatic 
transportation device. 

The electrostatic transportation device has a transporting 

25 base plate 1 provided with a plurality of electrodes each generating 
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' an electric field which performing transporting and hopping of toner 
particles which are fine particles, and driving waveforms Pv of 
n-phases (n is an integer of 3 or more) is applied to the electrodes 
of the transporting base plate 1 from a driving circuit 2 . 

The transporting base plate 1 is structured such that a 
plurality of electrodes 12, 12, 12, ... are disposed on a supporting 
base plate 11 along a fine particles moving direction (a fine 
particles travelling direction: indicated with arrow in Fig. 1) 
at predetermined intervals so as to configure a set for each three 
electrodes, and a surface protecting layer 13 which serves as a 
transporting face forming member forming an insulating transporting 
face thereon, which serves as a protective film covering a surface 
of the electrodes 12 and which is formed from inorganic or organic 
insulating material is stacked. 

Here, as the supporting base plate 11, a base plate made 
from insulating material, such as a glass base plate, a resin base 
plate, a ceramic base plate or the like, a base plate obtained by 
forming an insulating film such as Si02 or the like on a base plate 
made of conductive material such as SUS or the like, or a base plate 
made of flexibly deformable material such as polyimide film, or 
the like can be used. 

The electrodes 12 are formed by forming conductive material 
such as Al, Ni-Cr or the like on the supporting base plate 11 with 
a thickness of 0.1 to 0.2nm and patterning the formed film to a 
predetermined electrode shape using a photolithographic process 



or the like. A width L of each of the plurality of electrodes 12 
in the fine particles travelling direction is set to be in a range 
of 1 time to 20 times of an average particle diameter of the fine 
particle to be moved, and a interval R between adjacent electrodes 
12 and 12 in the fine particles travelling direction is set to be 
in a range of 1 time to 20 times of the average particle diameter 
of the fine particles. 

The surface protective layer 13 is obtained by forming a 
film with a thickness of 0.5 to ljjm from such a material as, for 
example, Si02, Ti02, Si04, SiON, BN, TiN, Ta205 or the like. 

In the electrostatic transportation device configured in 
this manner, by applying driving waveforms of n phases to the 
plurality of electrodes 12 on the transporting base plate 1 from 
the direction circuit 2, a phase-shifting electric field 
(travelling-wave field) is generated by the plurality of electrodes 
12 and the charged fine particles on the transporting base plate 
1 is applied with a repelling force and/or an attracting force to 
be subjected to movement including hopping and transporting in the 
travelling direction. 

For example, pulse-like driving waveforms Va, Vb and Vc 
varying between ground G and a positive voltage + are applied at 
different timings from the driving circuit 2 to the plurality of 
electrodes 12 on the transporting base plate 11, as shown in Fig. 
3. 

At this time, assuming that a negative charged toner T exists 



on the transporting base plate 11, and "G", "G", "+", "G" and "G" 
are applied to the plurality of contiguous electrodes 12 on the 
transporting base plate 11, as shown with 1 in Fig. 4, the negative 
charged toner T is positioned on the electrode 12. 

5 Since "+", "G", "G", and "G" is respectively applied 

to the plurality of electrodes 12 at the next timing, as shown with 
2 in Fig. 4, and a repelling force between the negative charged 
toner T and the electrode 12 of "G" on the left side in Fig. 4 and 
an attracting force between the negative charged toner T and the 

10 electrode 12 of on the right side in Fig. 4 acts on the negative 
charged toner T, the negative charged toner T is moved to the side 
of the electrode 12 on the "+". Further, since "G", "+", "G", "G" 
and are applied to the plurality of electrodes 12 at the next 
timing as shown with 3 in the figure, and similar repelling force 

15 and attracting force act on the negative charged toner T, the negative 
charged toner T is further moved to the side of the electrode 12 
of "+". 

Thus, since a plurality of phases of driving waveform whose 
voltage varies are applied to the plurality of electrodes 12, a 

20 travelling-wave field is generated on the transporting base plate 
1 and the negative charged toner T moves in the travelling direction 
of the travelling-wave field while being subjected to transporting 
and hopping. Incidentally, in an instance of a positive charged 
toner, the positive charged toner moves like the above by reversing 

25 a changing pattern of the driving waveform. 
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In view of the above, the width (electrode width) L of each 
of the plurality of electrodes 12 on the transporting base plate 
11 which performs transporting and hopping of such fine particles, 
the electrode interval R, the driving waveform shape and the surface 
5 protective layer 13 will be explained. The electrode width L and 
the electrode interval R on the transporting base plate greatly 
affect a transporting efficiency and a hopping efficiency of the 
fine particles (herein, which may be referred to as "toner" or "toner 
particles") . 

10 That is, toner particles existing between the electrodes 

move to the adjacent electrode on the surface of the base plate 
due to an electric field acting in a generally horizontal direction. 
On the other hand, since toner particles riding on an electrode 
are applied with an initial speed having at least vertical component , 

15 many toner particles fly apart from the surface of the base plate. 

In particular, since toner particles positioned in the 
vicinity of an end face of the electrode move in a flying manner 
beyond the adjacent electrode, when the electrode width L is wide, 
the number of toner particles riding on the electrode increase and 

20 the number of toner particles moving over a large distance increases, 
which results in increase in transporting efficiency . Incidentally, 
when the electrode width L is too wide, since the field intensity 
in the vicinity of the center of the electrode lowers , toner particles 
adhere to the electrode, which results in reduction in transporting 

25 efficiency. In view of the above, as the result that the present 
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' inventors have studied this matter eagerly, they have found that 
there is an electrode width suitable for transporting and hopping 
of fine particles efficiently with a low voltage. 

Also, the electrode interval Rdetermines the field intensity 
5 between the electrodes on the basis of the relationship between 
a distance and an applied voltage . As the interval Rbecomes smaller , 
the filed intensity is, of course, made stronger, so that initial 
speeds of transporting and hopping can easily be obtained - However, 
regarding such a toner particle moving from an electrode to another 
10 electrode, the movement distance per one time becomes short. 
Therefore, unless the driving frequency is made high, the moving 
efficiency is not improved. As the result that the present inventors 
have studies this matter eagerly, they have found that there is 
an electrode interval suitable for transporting and hopping of fine 
15 particles efficiently with a low voltage. 

Furthermore, the present inventors have found that the 
thickness of the surface protective layer covering the electrode 
surface also influences the field intensity of the electrode surface, 
particularly, influence on lines of electric force of a vertical 
20 component is large, which decides the efficiency of hopping. 

In view of the above, by setting the relationship among the 
electrode width, the electrode interval, and the surface protective 
layer thickness on the transporting base plate properly, the problem 
about the toner absorption on the electrode surface can be solved 
25 and an e f ficient movement of toner can be performed with a low voltage . 
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According to more detailed explanation, first, regarding 
the electrode width L, when the electrode width L is set to be 1 
time a toner particle diameter (powder particle size) , it is a width 
size which allows riding, transporting and hopping of at least one 
toner particle . I f the width is narrower than this si ze , the electric 
field acting on the toner particle is reduced, and the transporting 
force and the flying force are lowered, which results in 
insufficiency for practical use. 

Also, as the electrode width L becomes wide, the lines of 
electric force are inclined to the travelling direction (ahorizontal 
direction) of the transporting base plate, particularly, in the 
vicinity of the central section on an upper face of the electrode, 
and a region where a vertical field is weak occurs so that a hopping 
generating force becomes small . When the electrode width L becomes 
wide excessively, in an extreme instance, an attracting force due 
to an image force corresponding to the charge of the toner particle, 
van der Waals force, water content or the like becomes higher than 
a repelling force, so that deposition of toner particles occurs 
in some instances. 

In view of efficiencies of transporting and hopping, when 
the electrode has its width which allows about 20 toner particles 
ride on the electrode, absorption becomes difficult to occur and 
actions of transporting and hopping are made possible efficiently 
with a driving waveform of a low voltage of about 100V. When the 
width is wider than the above size, a region where a partial absorption 



1 is generated occurs . For example , when an average particle diameter 
of a toner particle is 5p., the value of 5pP corresponds to a range 
of 5pm to 100pm. 

A more preferable range of the electrode width L is 2 times 
to 10 times the average particle diameter of the fine particles 
in order to drive the toner particles more effectively with a low 
voltage of 100V or less set as the application voltage of the driving 
waveform. By setting the electrode width L within the range, 
lowering of the field intensity in the vicinity of the central section 
on the surface of the electrode is suppressed to 1/3 or less, -and 
the lowering of the hopping efficiency becomes 10% or less, so that 
the efficiency is prevented from being lowered largely. This 
corresponds to the range of 10pm to 50pm, when the average particle 
diameter of toner particles is 5pm, for example. 

Furthermore, it is more preferable that the electrode width 
L is in a range of 2 times to 6 times the average particle diameter 
of the fine particles. This corresponds to the range of 10pm to 
30pm, when the average particle diameter of toner particles is 5pm, 
for example . It has been found that a very high efficiency is achieved 
by setting the average particle diameter within the range. 

Here, the results obtained by measuring the intensities of 
the transporting electric field TE and the hopping electric field 
HE to the electrode width L and the electrode interval R in a state 
that the width (electrode width) L of each electrode 12 on the 
transporting base plate 11 is set to 30pm, the electrode interval 
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R is set to 30pm, the thickness of the electrode 12 is set to Syxra, 
the thickness of the surface protective layer 13 is set to 0.1pm, 
and +100V and 0V are respectively applied to two adjacent electrodes 
12 and 12, as shown in Fig. 5, are shown in Figs. 6 and 7. 
5 Incidentally, each evaluation data is directed to a result 

obtained by evaluating a simulation and a behavior of a particle 
captured by a high speed video actually. In Fig. 5, two electrodes 
12 are shown for an easy understanding of the details, but a region 
where a sufficient number of electrodes are provided is evaluated 

10 in actual simulation and experiment. Also, the particle diameter 
of the toner particle T is 8jjm and the amount of charge is -20jaC/g. 

Field intensities shown in Figs. 6 and 7 are the values of 
representative points on the electrode surface, where the 
representative point TEa of the transporting electric field TE is 

15 a point positioned above the end section of the electrode end section 
shown in Fig . 5 by 5|jm and the representative point HEa of the hopping 
electric field HE is a point of the electrode shown in Fig. 5 by 
5pm, these points corresponding to the representative points where 
the strongest electric fields act on a toner particle in anXdirection 

20 and a Y direction. 

From Figs. 6 and 7, it is found that, an electric field which 
can apply a force acting for transporting and hopping of a toner 
is in a range of (5E + 5)V/m or more, a preferable electric field 
which does not cause the problem about the absorption is in a range 

25 of (IE + 6) V/m or more, and a more preferable electric field which 
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can apply a sufficient force to a toner is in a range of (2E + 6) 
V/m or more. 

Regarding the electrode interval R, according to increase 
in the interval, the field intensity in the transporting direction 
5 is lowered. Therefore, the electrode interval is 1 time to 20 times 
the average particle diameter of the toner particle, preferably 
2 times to 10 times, further preferably2 times to 6 times, as described 
above . 

From Fig. 7, the hopping efficiency is lowered according 

10 to increase in width of the electrode interval R, but a practical 
hopping efficiency can be obtained in a range of up to 20 times 
the average particle diameter of the toner particle. When the 
electrode interval R exceeds 20 times the average particle diameter 
of the toner particle, the attracting force of many toner particles 

15 can not be disregarded, so that toner (s) which is not subjected 
to hopping occurs. In this point, therefore, it is also necessary 
to set the electrode interval R to 20 times or less of the average 
particle diameter of toner particles. 

As mentioned above, the field intensity in the Y direction 

20 is determined according to the electrode width L and the electrode 
interval R, where the field intensity is increased as the width 
and the interval are made smaller. Also, the field intensity near 
to the electrode end section in the X direction is determined 
according to the electrode interval R, where the field intensity 

25 is made stronger as the interval is made smaller. 
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Thus, by setting the width of the electrode in the travelling 
direction of the fine particles within the range of 1 time to 20 
times of the average particle diameter of the fine particles and 
setting the interval of the electrode in the travelling direction 
5 of the fine particles within the range of 1 time to 20 times, an 
electrostatic force sufficient to overcome attracting force such 
as image force, van der Waals force, and the like to the charged 
powder particles on the electrode or between the electrodes to 
perform transporting and hopping of the powder particles can be 

10 caused to act on the powder particles so that the powder particles 
are prevented from being stayed and the transporting and hopping 
thereof can be performed stably and efficiently with a low voltage. 

According to the present inventors' investigation, in 
instance that the average particle diameter of toner particles is 

15 in a range of 2 to 10pm and Q/m in a negative charged toner particle 
is in a range of -3 to -40jaC/g, more preferably -10 to -30jaC/g n, 
or Q/m in a positive charged toner particle is in a range of +3 
to +40jaC/g, more preferably +10 to +30|iC/g ji, the transporting and 
hopping in the above-described electrode configuration could have 

20 been performed efficiently- 
Next, a waveform about a driving waveform applied to each 
electrode on the transporting base plate will be explained. The 
results obtained by measuring initial positions of a toner particle 
and horizontal movement distances in a predetermined time (is set 

25 to 160|_isec) in an instance that the average particle diameter of 
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' toner particles is 8pm and Q/m is -20^iC/g in the configuration shown 
in Fig. 5, and, as shown in Fig. 8, in respective instances where 
a rectangular wave (pulse-shaped) driving waveforms (using a 
waveform of the maximum voltage of 100V and a waveform of the maximum 
5 voltage of 50V) are applied and where a triangular wave driving 
waveform (using a waveformof the maximum voltage of 100V) are applied 
shown in Fig. 9. 

As understood fromFig. 9, even if the same rectangular driving 
waveform is applied, the movement distance in the rectangular wave 

10 driving waveform of 50V becomes shorter than that in the rectangular 
wave driving waveform. Also, an instance of a triangular wave 
driving waveform having a leading edge and trailing edge of 80jasec 
becomes equivalent to an instance of application of the rectangular 
wave driving waveform of 50V. 

15 That is, as an field intensity acting as actions of 

transporting and hopping, an field intensity in the vicinity of 
the base plate, which decides an initial speed becomes important 
to a toner particle on the transporting base plate . In other wards, 
after a toner separates from the vicinity of the surface of the 

20 base plate, even when the voltage applied to the electrode rises 
and the field intensity increases, the field intensity does not 
contribute to an action of transporting or hopping, which results 
in lowering of efficiency. 

For example, when the average speed of a toner particle 

25 accelerated to fly is 0.3 to Im/sec, the field intensity lowers 
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1/5 and a time taken for a move over a distance of 30pm becomes 
100 to 30pm. Therefore, in this instance, when the time constant 
of an application voltage of a driving waveform is in a range of 
100 to 30pVHF, an initial speed can be achieved, which allows 
5 transporting and hopping actions . 

Also, the result obtained by measuring toner speeds (hopping 
speeds), in a hopping direction regarding the toner whose average 
particle diameter is 8|jm and whose Q/mis -20pC/g in the configuration 
shown in Fig . 5 when rectangular wave driving waveforms whose voltage 

10 crest values are 50V, 100V and 150V are applied is shown in Fig. 
10. This indicates a speed change at lOpsec per one step and the 
height position from the electrode. From this result, after the 
predetermined time period (160 psec) , since the toner is positioned 
at a height of 100pm or more, an application to developing process 

15 or the like can be made possible. 

Incidentally, the driving waveform is not limited to the 
rectangular wave (pulse-shaped) driving waveform, but transporting 
and hopping actions can be performed even by a driving waveform 
having a time constant such as a triangular wave or the like. Also, 

20 even using a sine wave corresponding to the similar time constant 
as the driving waveform, practical transporting and hopping actions 
can be performed. 

Next, the surface protective layer 13 will be explained. 
By providing a surface protective layer, an electrode is prevented 

25 from being soiled and being adhered with fine particles or the like, 
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' the surface of the transporting base plate can be maintained in 
conditions suitable for transportation, a creepage leak can be 
avoided in a high moisture environment, Q/M is prevented from varying, 
and the amount of charge of the fine particles can be maintained 
5 stable. 

Here, the result obtained by calculating the field intensity 
in the X direction when the thickness of the surface protective 
layer is changed in a range of 1 to 80pm in the configuration shown 
in Fig. 5 is shown in Fig. 11. 

10 The dielectric constant e of the surface protective layer 

is higher than that of air, ordinarily, 6 = 2 or more . As understood 
from Fig. 11, when the thickness (the thickness measured from the 
electrode surface) of the surface protective layer is too thick, 
the field intensity acting on toner particles on the surface is 

15 lowered . Taking the transporting efficiency, temperature 
resistance and moisture proof environments or the like in 
consideration, a practical surface protective layer thickness which 
does not cause the problem about the efficiency lowering to 
transporting action is lOpm or less which causes an efficiency 

20 lowering of 30%, more preferably 5jom or less which suppresses the 
efficiency lowering to several %. 

Also, examples of field intensities acting on hopping on 
an electrode surface are shown in Figs. 12a and Fig. 12b. Fig. 
12a shows an example where the thickness of the surface protective 

25 layer is 5pm, and Fig. 12b shows an example where the thickness 
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of the surface protective layer is 30nm. In both the examples, 
the electrode width is set to 30)jm, the electrode interval is set 
to 30jjm, and the application voltages are set to OV and 100V. 

As understood from these figures, since electric field from 
5 a protective layer with a dielectric constant higher than that of 
air towards an adjacent electrode increases according to increase 
in thickness of the surface protective layer, a vertical component 
of the electric field on the surface decreases and the field intensity 
acting on the toner on the surface lowers by the thickness of the 
10 protective layer. 

That is, lines of electric force of the vertical component 
acting for a hopping depends on the protective layer thickness 
largely. The electric field which can apply a force acting for 
a hopping at a low voltage of about 100V efficiently to toner particles 
15 is preferably in a range of (IE + 6) V/m or more which does not cause 
the problem about absorption, more preferably in a range of (2E 
+ 6) V/m or more which allows a further sufficient force to the toner. 
In order to achieve such electric field, the protective layer 
thickness should be set to lOjjm or less, preferably 5(jm or less. 
20 Incidentally, as material for the surface protective layer, 

it is preferable to use material whose resistivity is 10*E6Qcm 
or more and whose dielectric constant £ is 2 or less. 

Thus, by providing a surface protective layer covering the 
electrode surface and setting the thickness of the surf ace protective 
25 layer to 10pm or less,- the electric field of the vertical component 
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can be caused to act on fine particles strongly and the hopping 
efficiency can be enhanced. 

Next, the thickness of the electrode 12 will be explained. 
As described above, when a surface protective layer with a thickness 
of several \iP covering the electrode surface is formed, undulation 
occurs on the transporting base plate surface corresponding to 
regions where an electrode exists under the surface protective layer 
and where an electrode does not exist thereunder. At this time, 
by forming the electrode in a thin layer with a thickness of 3pm 
or less, the fine particles which a particle size of about 5jaP such 
as toner particles or the like can be transported smoothly without 
causing the problem about the undulation occurring on the protective 
layer surface. Therefore, when the electrode is formed in a 
thickness of 3pm or less, a transporting base plate having a thin 
surface protective layer can be put in practical use without 
requiring such a process as a flattening process on a transporting 
base plate surface, and the field intensity for transporting and 
hopping is prevented from lowering so that more efficient 
transporting and hopping can be achieved. 

Now, a specific example of such a transporting base plate 
will be explained. When the electrostatic transportation device 
according to the present invention is used in an image formation 
apparatus, as a transporting base plate for transportation and a 
hopping, it is required to implement fine patterning on an elongated 
and large area with at least A4 size of a length of 21cm or a width 



of 30cm or more. For this reason, it is preferable that a thin 
electrode, a thin protective film (surface protective layer) are 
sequentially laminated on a base material (supporting member) which 
serves as a base. 

5 First, as one example of a transporting base plate having 

flexible fine pitch thin layer electrodes, using a polyimide base 
film (thickness of 20 to 100pm) as the base member (supporting base 
plate 11), a film of Cu, Al, NiCr or the like with a thickness of 
0.1 to 0.3pm is formed on the base material by vapor deposition 
10 process. When the film thus formed has a width of 30 to 60cm, such 
a transporting base plate can be manufactured in a roll-to-roll 
apparatus, so that a mass productivity can be greatly enhanced. 
A common bus line forms electrodes with a width of 1 to 5mm 
simultaneously. 

15 As a specific unit for the vapor process, there are various 

processes such as a sputtering process, an ion-plating process, 
a CVD process, an ion beam process, and the like. For example, 
in an instance of forming electrodes by the sputtering process, 
a Cr f ilmcanbe interposed in order to improve adhesion with polyimide . 

20 Also, the adhesion can be improved even by a plasma process or a 
primer process with Ni film thickness of 1 to 3 pm. 

Also, as a process other than the vapor deposition process, 
thin layer electrodes can be formed even by an electro-deposition 
process. In this instance, electrodes are formed on the polyimide 

25 base member by an electrode plating. After the base member is 
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sequentially dipped in a Sn chloride bath, a Pd chloride bath, and 
a Ni chloride bath to form substrate electrodes thereon, an 
electro-plating is performed on the electrodes in Ni electrolyte 
so that the thin film electrodes can be manufactured in the 
roll-to-roll process. 

The electrodes are formed by applying resist coating, 
patterning and etching to these thin film electrodes. In this 
instance, when the thin layer electrodes have a thickness of 0.1 
to 3(jm, fine pattern electrodes with a width or pitch of 5(jm to 
several tens |jm can be formed by a photolithography process and 
an etching process with a high precision. 

Next, as the surface protective layer 13, Si02, Ti02 or the 
like with a thickness of 0 . 5 to 2jom is formed by a sputtering process . 
Alternatively, as the surface protective layer, PI (polyimide) is 
coated by a roll coater or another coating apparatus with thickness 
of 2 to 5 |jm and it is finished by baking the same. When it causes 
a drawback that the PI is left as it is, Si02 or another inorganic 
film with a thickness of 0 . 1 to 0 . 5|jm may be formed on the outermost 
surface by a sputtering process or the like. 

By configuring such a flexible transporting base plate, the 
base plate can be attached to a cylindrical drum or it may be partially 
formed in a curved shape easily. 

Also, as anther example, using a polyimide base film (with 
a thickness of 20 to lOOjom) as the base member (supporting base 
plate 11), it is possible to employ a film of Cu, SUS or the like 
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witha thickness of 10 to 2 Ojjmto the base member as electrode material . 
In this instance, polyimide is coated on a metal material in a 
thickness of 20 to 100pm by a roll coater and baked. Thereafter, 
the metal material is patterned in a shape of the electrodes 12 
5 by a photolithography process and an etching process, and polyimide 
is coated on the surfaces of the electrodes 12 as the protective 
layer 13. When there is undulation corresponding to the thickness 
of 10 to 20|om of the metal material electrode, the transporting 
base plate is completed by flattening the protective layer 13. 

10 For example, by performing a spin coating of polyimide base 

material or polyurethane base material with a viscosity of 50 to 
10,000cps, preferably 100 to 300cps, and leaving it as it is, the 
undulation on the surface is smoothed owing to a surface tension 
of the material so that outermost surface of the transporting base 

15 plate is flattened. 

Furthermore, as another example of the flexible transporting 
base plate whose strength is enhanced, using SUS, Al material with 
a thickness of 20 to 30pm or the like as the base member, diluted 
polyimide material is coated in a thickness of about 5jam on the 

20 basemember as an insulating layer (insulation between the electrodes 
and the base member) by a roll coater. Then, for example, the 
polyimide is pre-baked at 150 °C for 30 minutes and post-baked at 
350 °C for 60 minutes, in which a thin film polyimide film is formed 
to provide the supporting base plate 11. 

25 Then, after a plasma process or a primer process is performed 
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' in order to enhance the adhesion, NiCr is vapor-deposited in a 
thickness of 0.1 to 0.2jam as a thin layer electrode layer and fine 
patterned electrodes 12 with a width of several tens jam are formed 
by a photolithography and an etching process . Further, the surface 
5 protective layer 13 of Si02, Ti02 or the like is formed in a thickness 
of 0.5 to ljjm on the surfaces of the electrodes by sputtering so 
that a flexible transporting base plate can be obtained. 

In this example, in instance that the flexible transporting 
base plate is wound on a cylindrical drum, the same material as 

10 that of the cylindrical drum or material whose coefficient of linear 
expansion is approximately coincident with that of the cylindrical 
drum is used as the metal material which serves as the base member 
of the transporting base plate, so that a problem about expansion 
and contraction due to a temperature generated according to a 

15 difference in linear expansion between the transporting base plate 
and the cylindrical drum can be prevented from occurring. Also, 
when the transporting base plate is used in a developing section 
of the image formation apparatus, it is possible to use SUS material 
or Al material of the base member as a biasing electrode serving 

20 between the transporting base plate and a photosensitive body. 

By configuring such a flexible transporting base plate, the 
degree of freedom where the base plate is wound on a cylindrical 
drumor it is partially bent and used is increased and amass production 
in a roll-to-roll can be achieved, so that it is possible to easily 

25 manufacture a transporting base plate having accurate fine pitch 
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electrodes at a low cost. 

Incidentally, even in each of the examples, since a 
travelling-wave electric field is used, a contact between each 
electrode and a common electrode is required . Regarding two phases , 
5 both electrodes therefore are simultaneously formed- However, in 
an instance of a three phase electric field, for example, regarding 
one phase, a bridge pattern may be formed in an interposing manner 
via an insulation layer. 

Next, a relationship between a polarity of charged fine 

10 particles to be moved and the material of the outermost layer of 
the surface protective layer will be explained . Incidentally, when 
the surface protective layer is a single layer, the outermost layer 
of the surface protective layer means the single layer, and when 
the surface protective layer comprises a plurality of layers, it 

15 means a layer forming a surface coming into contact with the fine 
particles . 

When toner used in an image formation apparatus is transported, 
styrene-acryl base copolymer, polyester resin, epoxy resin, polyol 
resin or the like is used as resin material occupying 80% or more 

20 of toner, taking in consideration a melting temperature, a 
transparency in color or the like, . The charge characteristic of 
the toner is influenced by these resins, but a charge controlling 
agent is added for the purpose of controlling an amount of charge 
positively. As a charge controlling agent for black toner (BK) , 

25 for example, nigrosine base dye or fourth grade ammonium salts is 
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' used in an instance of positive charge, while, for example, azo-base 
metallic complex or salicylic acid metallic complex is used in an 
instance of negative charge. Also, as a charge controlling agent 
for color toner, for example, fourth grade ammonium salts or 
imidazole base complexes are used in an instance of positive charge 
while, for example, salicylic acid metallic complexes or salts, 
or organic boron salts is used in an instance of negative charge. 

On the other hand, since these toner particles are transported 
on the transporting base plate by the phase-shif ting field 
(travelling-wave electric field) or they repeat contact with the 
surface protective layer and separation therefrom by action of 
hopping, the toner particles are influenced by friction 
electrification, but the amount of charge and the polarity of the 
toner particles are determined according to the charge sequence 
among the materials. 

In this instance, by maintaining the charge amount of the 
toner in a saturated charge amount which is mainly determined by 
the charge controlling agent or a charge amount which is slightly 
reduced therefrom, efficiencies for transportation, a hopping and 
a photosensitive development can be improved. 

When the charge polarity of the toner is negative, it is 
preferable that a material positioned in the vicinity of the material 
used as the charge controlling agent for toner on a frictional 
electrification sequence (an instance of a reduced transporting 
and hopping region) or a material positioned on a positive end side 
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of the sequence is used as the material for a layer forming at least 
the outermost surface of the surface protective layer . For example, 
when the charge controlling agent is the salicylic acid metallic 
complex, the material in the vicinity of the salicylic acid metallic 
complex, or polyamide 66, polyamide 11, SiO or the like is used. 

Also, when the charge polarity of the toner is positive, 
it is preferable that a material positioned in the vicinity of the 
material used as the charge controlling agent for toner on the 
frictional electrification sequence (an instance of a reduced 
transporting and hopping region) or a material positioned on a 
negative end side of the sequence is used as the material for a 
layer forming at least the outermost surface of the surface 
protective layer. For example, when the charge controlling agent 
is the fourth grade ammonium salts, the material in the vicinity 
of the fourth grade ammonium salts, or Teflon base material such 
as fluorine or the like is used. 

Next, coarsening process of the outermost surface of the 
surface protective layer of the transporting base plate will be 
explained with reference to Fig. 13. Here, as shown in this figure, 
the outermost surface of the surface protective layer 13 is formed 
in an undulation face by performing a coarsening process on the 
surface of the surface protective layer 13 to form concave sections 
13a and concave sections 13b. This coarsening process forms a 
observed undulation surface by performing a photolithography and 
a wet etching, or a photolithography and a dry etching after the 



surface protective layer 13 is formed. Alternatively, the surface 
of the surface protective layer 13 itself is formed in a flat face, 
particles which undulates forming are coated on the flat face, or 
a sheet film which undulates forming is attached thereon so that 
the undulation face can be formed. 

In this instance, it is preferable that undulation is formed 
in 1/2 or less of a size or diameter of the fine particle. Thereby, 
the number of undulations which have a height of 1/2 or less of 
the diameter of fine particle, which is 4 times or more the number 
of fine particles covering the surface of the base plate in one 
layer is formed. Incidentally, the undulation can be formed in 
a line shape or in a dot matrix shape in a direction of movement 
of fine particles, in a direction crossing this direction, or in 
the movement direction and the crossing direction. 

Thus, by coarsening the outermost surface of the surface 
protective layer, the contact area of the charged fine particles 
with the protective layer can be reduced, so that the attracting 
force of the fine particles to the base plate can be suppressed 
to a lower level and such a problem is solved that the fine particles 
are deposited on the electrodes. As a result, improvement of the 
transporting and hopping efficiency can be achieved. 

Next, a voltage application time per one phase of the driving 
waveform and the voltage application duty will be explained with 
reference to Figs. 14 to 16. Regarding the relationship between 
the polarity of voltage applied to the electrodes and the movement 




direction of the charged toner (fine particles), when the toner 
is negative-charged and the application voltage is in a range of 
0 (G) to + voltage, the toner flies in a direction opposed to the 
line of electric force from the electrode applied with +voltage 
5 towards the electrode applied with OV. Also, when the toner is 
positive-charged, the toner flies in the same direction of the line 
of electric force. 

Here, Fig. 14 is to explain a behavior of a toner particle 
to an application voltage pulse duty with attention to the toner 
10 on an electrode (B electrode) applied with a B-phase (driving 
waveform Vb) . When there is a negative charged toner particle T 
attracted while the voltage of the B-phase electrode is maintained 
in + voltage, the toner particle T starts flying towards a line 
of electric force directing from the electrode of + voltage to the 
15 B-phase electrode at a time when the voltage of the B-phase electrode 
has been switched to 0V. 

At this time, in instance that a travelling-wave electric 
field is generated by applying pulse-like voltages (driving 
waveforms) ofnphases (nis aninteger of 3 ormore) to each electrode, 
20 the + voltage application duty of the application voltage pulse 
is set to a voltage application duty where a voltage application 
time per one phase is less than [cycle period time x (n - l)/n] 
so that the efficiency of transporting and hopping can be increased. 

That is, for example, as shown in Fig. 15, in instance that 
25 an application of a driving waveform of three phases of A, B and 
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1 C is performed and a voltage application time ta of each phase is 
set to 2/3 of a cycle period time tf which is about 67%, the A phase 
becomes + voltage and the C phase also becomes + voltage when the 
B phase becomes OV. Therefore, viewing the A-phase electrode, the 
5 B-phase electrode and the C-phase electrode arranged as shown in 
Fig, 14, a symmetrical field distribution regarding the B-phase 
electrode can be obtained. 

For this reason, a toner particle positioned on a front half 
section, in a travelling direction of the particle, on the B-phase 

10 electrode is moved in a normal direction of transporting and hopping, 
but another toner particle positioned on a rear half section of 
the electrode starts moving just in a direction opposed to the normal 
direction, which results in remarkable lowering of the efficiency. 
Therefore, when the driving waveform of three phases is used, the 

15 efficiency can be prevented from lowering by setting the voltage 
application time ta of each phase to less than 67% of the cycle 
period time tf which is 2/3 thereof. When a driving waveform of 
four phases is used, the efficiency can be prevented from lowering 
like the above by setting the voltage application time of each phase 

20 to less than 75% of the cycle period time which is 3/4 thereof. 

Furthermore, for example, as shown in Fig. 16, in instance 
that an application of a driving waveform of three phases of A, 
B and C is performed and a voltage application time ta of each phase 
is set to 1/3 of a cycle period time tf which is about 33%, namely, 

25 in instance that [cycle period time/n] is set, a voltage applied 
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to the A-phase electrode is OV and a voltage applied to the C-phase 
electrode is + voltage at a time when a voltage applied to the B-phase 
electrode has become OV, and the travelling direction of the fine 
particles is A — > C, when viewed with attention to the B-phase 
5 electrode. Therefore, the toner on the B-phase electrode is 
subjected to an electric field acting in a direction where it is 
repelled from the A-phase electrode and it is attracted to the C-phase 
electrode, so that the transporting and hopping efficiency is 
enhanced. 

10 In other words, the efficiency can be improved by setting 

such a time that, between a voltage applied to a observed electrode 
and each of voltages applied to an adjacent electrode on an upstream 
side of the travelling direction and an adjacent electrode on a 
downstream side thereof, the upstream side adjacent electrode repels 

15 the observed electrode and the downstream side adjacent electrode 
attracts the observed electrode. Particularly, when the driving 
frequency is high, by setting the time within a range of [cycle 
period time/n] to less than [cycle period time x (n - l)/n], an 
initial velocity for a toner on the observed electrode can easily 

20 be obtained, so that repetition of transportation can be improved 
without reduction in efficiency, particularly, a high speed 
transportation can be performed. 

Also, in order to perform transporting and hopping action 
efficiently, it is important to apply at least predetermined initial 

25 velocity to fine particles (toners) on the transporting base plate, 



' and therefore a field intensity required for toners on the 
transporting base plate is caused to act on the toners . The required 
intensity is an electric field which overcomes an attracting force 
such as an image force, a van der Waals force or the like according 
to the charge of toner to fly each toner particles. 

As described above, the electric field which can apply a 
force acting for transportation and hopping of toner particles to 
the toner particles is at least (5E + 5)V/m, a preferable electric 
filed which does not cause the problem about the absorption is at 
least (IE + 6)V/m, and a more preferable electric field which can 
apply a sufficient force to toner particles is at least (2E + 6) V/m. 
When a toner particle which has been imparted with a speed by this 
electric field is moved up to a distance where the toner particle 
is not influenced by this field, even if the relationship where 
the upstream side adjacent electrode (A-phase electrode) relative 
to the observed B-phase electrode is OV and the downstream side 
adjacent electrode (C-phase electrode) is + voltage is collapsed, 
which does not influence the transporting and hopping efficiency 
so much. 

For example, when a voltage of 100V is applied, the electric 
field hardly influences a space separated from the electrode upward 
by 50(jm. Also, the field intensity in a space separated from the 
electrode surface upwardly by 30|_im is reduced to 1/5 of the original 
field intensity. Therefore, when an average velocity of a toner 
particle accelerated to fly is in a range of 0.3 to lm/sec, the 
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time required for a toner particle to move over a distance of 30 
jam where the field intensity lowers to 1/5 thereof becomes 100 to 
30jasec. 

Now, regarding the time when a voltage which repels fine 
5 particles is applied to the electrode of the observed phase, and 
the time when a voltage which repels the fine particles is applied 
to the upstreamside adj acent electrode and simultaneously therewith 
a voltage which attracts the fine particle is applied to the 
downstream side adjacent electrode, in the example shown in Fig. 

10 14, the time when the upstream side adjacent electrode (A-phase 
electrode) relative to the observed B-phase electrode is 0V and 
the downstream side adjacent electrode (C-phase electrode) is 
+voltage is set to at least 30jasec. ■ This constitutes the condition 
of a narrow side of + voltage application pulse duty. 

15 Next, a second embodiment of an electrostatic transportation 

device according to the present invention will be explained with 
reference to Figs. 17 and 18. Incidentally, the respective figures 
are enlarged plan views which illustratively explaining a 
transporting base plate section of the electrostatic transportation 

20 device. This embodiment is provided with a vibration generating 
unit 15 which generates vibration imparting intermittent or 
continuous fine vibrations to the transporting base plate in a 
travelling direction of fine particles (the embodiment shown in 
Fig. 17) and another vibration generating unit 16 which generates 

25 vibration imparting intermittent or continuous fine vibrations to 
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' the transporting plate in a crossing direction to the travelling 
direction (the embodiment shown in Fig, 18) . 

As these vibration generating units 15 and 16, a PZT, a 
mechanical coil or the like can be used. 

By finely vibrating the transporting base plate 1 
intermittently or continuously in the travelling direction 
(longitudinal direction) of the toner particles by the vibration 
generating unit 15, a force due to the travelling wave field and 
vibrations are imparted to the toner particles to be transported. 
In the toner particles to be transported, there are variations in 
the magnitude of the charge amount, such as a large charge amount, 
a small charge amount, or presence of non-charged particles . Since 
toner particles with a small charge amount or non-charged toner 
particles are not suitable for electrostatic transportation, it 
is difficult to transport such toner particles, which results in 
an obstacle or a bar ri er wall for transportation . In some instances , 
therefore, some of toner particles are not transported, thereby 
causing stay of toner particles. 

In view of the above, since spreading or dispersion of toner 
particles is performed by applying the intermittent vibrations or 
the continuous vibrations to toner particles, so that the 
transporting efficiency can be improved. Also, by applying the 
intermittent or continuous fine vibrations to the toner particles 
in the direction (transverse direction) crossing the travelling 
direction of the toner particles by the vibration generating unit 
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16, the spreading or dispersion of the toner particles can be 
performed more securely. 

Here, it is preferable that the amplitude of the vibration 
in the longitudinal direction and the vibration in the transverse 
direction are set in a range of 1/5 to 2 times an average particle 
diameter of toner particles to be transported. The magnitude of 
the vibration amplitude depends on the speed of the toner 
transportation. However, when the magnitude exceeds 2 times the 
average particle diameter, the particle transportation and the 
travelling-wave field on the transporting base plate do not match 
with each other, which results in lowering of the transporting 
efficiency. Also, it is preferable that the vibration frequency 
is within a range of 1/5 to 3 times the driving frequency. When 
the vibration frequency exceeds 3 times the driving frequency, the 
particle transportation and the travelling-wave field of the 
transporting base plate do not match with each other, which causes 
lowering of the transporting efficiency. 

Next, a first embodiment of an image formation apparatus 
according to the present invention, provided with the development 
device according to the present invention including the 
electrostatic transportation device according to the present 
invention will be explained with reference to Fig. 19. The same 
figure is a diagram that schematically shows the entire configuration 
of the image formation apparatus . According to explanation of the 
entire outline and action of the image formation apparatus, a 



' photosensitive drum 101 (for example, organic photosensitive body: 
OPC) which is an image carrier is rotationally driven in a clockwise 
direction in the same figure. When an original document is placed 
on a contact glass 102 and a print start switch (not shown) is turned 
on, a scanning optical system 105 including a document illuminating 
light source 103 and a mirror 104, and another scanning optical 
system 108 including mirrors 106 and 107 are moved so that reading 
of the original document is performed* 

Here, the scanned original image is read in as an image signal 
by an image reading device 110 disposed behind a lens 109, the read 
image signal is digitized tobe sub j ected to image processing . Then, 
a laser diode (LD) is driven by the image-processed signal, and 
after a laser beam from the laser diode is reflected by a polygon 
mirror 113, the ref lectedbeamis irradiated onto the photosensitive 
drum 101 via a mirror 114. This photosensitive drum 101 has been 
uniformly charged in advance by a charging device 115, and an 
electrostatic latent image is formed on a surface of the 
photosensitive drum 101 by writing with the laser beam. 

The electrostatic latent image on the surface of the 
photosensitive drum 101 is attached with toner particles to be 
visualized by a development device 116 according to the present 
invention, which is provided with the electrostatic transportation 
device according to the present invention, and the visualized image 
(toner image) is transferred to a transfer paper (recording medium) 
119 by corona discharge of a transferring charger 120, the transfer 



paper being fed from a paper feeding section 117A or 117B by a paper 
feeding roll 118A or 118B. The transferring paper 119 on which 
the visualized image has been transferred is separated from the 
surface of the photosensitive drum 101 by a separating charger 121 
to be transported by a transporting belt 122, and the visualized 
image is fused or fixed through a pressure-contacting section of 
a fusing roller pair 123 to be discharged to a discharged paper- 
tray 124. 

On the other hand, toner particles remaining on the surface 
of the photosensitive drum 101 whose transferring process has been 
terminated are removed by a cleaning device 125 and charge remaining 
on the surface of the photosensitive drum 101 is eliminated by a 
charge eliminating lump 126. 

Next, the development device 116 according to the present 
invention, which is provided with the electrostatic transportation 
device according to the present invention in this image formation 
apparatus will be explained with reference to Figs. 20 and 21. 
Incidentally, the same figure is a schematic configuration diagram 
of the development device. 

The development device 116 is provided with a toner hopper 
section 131 which accommodates toner particles, an agitator 132 
which agitates toner in the toner hopper section 131, a charging 
roller 134 which charges toner in the toner hopper section 131 to 
supply the same to a toner box 133, and a doctor blade 135 which 
is disposed in contact with a peripheral surface of the charging 




-roller 134. 

Also, the development device 116 is also provided with an 
electrostatic transportation device 136 according to the present 
invention comprising a toner supplying base plate 137 which is the 
5 transporting base plate of the electrostatic transportation device 
according to the present invention, for transporting toner supplied 
into the toner box section 133, and a transporting base plate 141 
where a toner transporting section 14 IT which transports toner 
supplied from the toner supplying base plate 137 towards a developing 

10 section and a toner hopping section 14 IP constituting the developing 
section for performing hopping of toner transported by the toner 
transporting section 14 It in the vicinity of the photosensitive 
drum 101 are continuously formed integrally with each other; and 
a toner recovery member 138 which recovers toner which has not been 

15 applied for development. 

Furthermore, the development device 116 is provided with 
a driving circuit 142 which applies a driving waveform to a plurality 
of electrodes on the transporting base plate 141. Also, such a 
configuration may be employed that an electrode 145 which applies 

20 DC bias (100V to 200V) which is a developing bias voltage between 
the toner hopping section 141P of the transporting base plate 141 
and the photosensitive drum 101 and a DC power source 144 is provided . 

The toner transporting section 14 IT of the transporting base 
plate 141 is a section which transports toner towards the toner 

25 hopping section 141P which is the developing section, and it 
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constitutes the electrostatic transportation device which 
transports fine particles towards the latent image carrier according 
to electrostatic force. Also, the toner hopping section 141P is 
a section which performs hopping of toner particles in the vicinity 
5 of the photosensitive drum 101 according to electrostatic force, 
and it constitutes the developing section and constitutes the 
electrostatic transporting section which performs hopping of fine 
particles in the vicinity of the latent image carrier. 

Incidentally, as described above, toner on the transporting 

10 base plate 141 is subjected to transporting and hopping even in 
the toner transporting section 14 IT and even in the toner hopping 
section 14 IP. That is, the term "toner transporting section" means 
a section having an object of performing transporting of toner to 
the developing section, and the term "toner hopping section" means 

15 a section having an ob j ect of performing hopping of toner . Therefore , 
in these terms, there is not such a meaning that the hopping is 
not performed in the toner transporting section and the toner 
transporting is not performed in the toner hopping section. 

As explained regarding the electrostatic transportation 

20 device according to the present invention, the transporting base 
plate 141 is constituted by providing a plurality of electrodes 
12 which generate a travelling-wave field on the supporting base 
plate 11 and covering the surfaces of the electrodes 12 with the 
surface protective layer 13. Incidentally, each constituent 

25 element such as the width of each electrode 12 in the toner travelling 
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' direction (electrode width) , the electrode pitch, the thickness 
of the electrode or the like, and each constituent element such 
as the thickness and the material of the surface protective layer 
13 or the like are as described above. 
5 Also, the toner supplying base plate 137 is constituted by 

using such a flexible base plate 161 such as a polyimide film as 
a base member which is a base and providing a plurality of electrodes 
162 on the flexible base plate 161, it is for transporting toner 
towards the photosensitive drum 101, and it constitutes the 

10 electrostatic transportation device according to the present 
invention together with a driving circuit (not shown) (instead of 
this driving circuit, the first driving circuit 142 may be used) 
which applies driving waveforms of n phases to the electrodes 162, 
As shown in Fig. 21, the first driving circuit (driving power 

15 source) 142 defines three electrodes 12, 12 and 12 of the respective 
electrodes 12 of the toner transporting section 141T of the 
transporting base plate 141 which performs toner transportation 
as one set and applies pulse-like driving voltages (driving 
waveforms) Va, Vb and Vc of n phases (here, n = 3, but n may be 

20 4, 6 or the like) to respective electrodes 12. 

A developing operation in the image formation apparatus thus 
configured will be explained . Charged toner particles in the toner 
box section 33 are transported by an electrostatic force by means 
of the toner supplying base plate 137 to reach the toner transporting 

25 section 14 IT. In the toner transporting section 14 IT, the toner 



particles are further transported by an electrostatic force towards 
the photosensitive drum 101 to be fed to the toner hopping section 
141P. 

In the toner hopping section 141P, toner particles T are 
5 hopping as shown in Fig. 22 . Since the toner particles are hopping 
in the vicinity of the photosensitive drum 101, the following 
electric field may be generated in order to cause toner particles 
to attach to only the latent image section on the photosensitive 
drum 101. That is, an electric field obtained by an average value 

10 of the pulse-like driving voltage applied to the electrodes 12 of 
the hopping section 14 IP and a voltage of the latent image section 
formed on the photosensitive drum 101 is set to meet the relationship 
where toner particles are attracted towards the photosensitive drum 
101 side, and an electric field obtained by an average value of 

15 the pulse-like driving voltage applied to the electrodes 12 of the 
toner hopping section 14 IP and a voltage of a non-latent image section 
formed on the photosensitive drum 101 is set to meet the relationship 
of the direction where toner particles are repelled from the 
photosensitive drum 101 side. 

20 At this time, since an attracting force does not occur between 

toner particles which are now hopping and the transporting base 
plate 141, the toner particles can easily be transported to the 
image carrier (photosensitive drum 101) , so that development capable 
of obtaining a high image quality can be performed at a low voltage . 

25 That is, in the conventional jumping developing system, an 



' application voltage equal to or more than an adhering force of toner 
particles to a developing roller is required in order to release 
charged toner particles from the developing roller to move them 
to the photosensitive member, which requires application of a bias 
voltage in a range of DC 600 to 900V. On the other hand, according 
to the present invention, the adhering force of toner particles 
is normally in a range of 50 to 200nN, but the adhering force to 
the transporting base plate 141 becomes almost 0 because the toner 
particles are hopping on the transporting base plate 141 . Therefore, 
a force for releasing toner particles from the transporting base 
plate 141 is not required, which allows sufficient transportation 
of the toner particles to the photosensitive body at a low voltage. 

Toner particles which have been fed to the toner hopping 
section 14 IP but are not used are subjected to not only hopping 
but also transporting in the toner hopping section 141P so that 
they are discharged and recovered in the toner recovery member 38. 

According to detailed explanation of this embodiment, by 
setting the electrode arrangement and configuration such as the 
width L of each electrode 12 of the toner hopping section 14 IP of 
the transporting base plate 141, the electrode pitch R or the like 
to the range explained in the embodiment of the electrostatic 
transportation device, a electrode arrangement and configuration 
where lines of electric force including a vertical component acting 
for hopping toner particles are generated above the electrodes 12 
can be achieved, so that hopping of toner particles can be performed 
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more efficiently, which results in improvement in developing 
efficiency. 

Similarly, the restriction about the surface protective layer 
13 of the toner hopping section 141P of the transporting base plate 
141 is also set to the range explained in the embodiment of the 
electrostatic transportation device . That is , regarding the field 
intensity of a vertical component of the surface in the vicinity 
of the center of the electrode 12 at a position corresponding to 
the height of the toner diameter, the vertical component field which 
can apply a force acting for hopping to toner particles is in a 
range of (5E + 5)V/m or more, a preferable electric field which 
does not cause the problem about attraction is in a range of (IE 
+ 6)V/m or more, and a more preferable electric field which can 
apply a further sufficient force to toner particles is in a range 
of (2E + 6)V/m or more. 

In this instance, regarding the electric field intensity 
acting for hopping, which is in the vicinity of the center of the 
electrode surface, as the thickness of the surface protective layer 
becomes thicker, the electric field in the direction of an adjacent 
electrode in the protective layer whose dielectric constant is higher 
than that of air lowers. Therefore, the practical range of the 
thickness of the protective layer about the efficiency lowering 
is 10pm or less, and the range of the thickness which does not cause 
the problem about the attenuation of the vertical component electric 
field is 5[x or less. Thereby, a force serving for hopping can be 



' applied to toner particles, and the field intensity of (IE + 6)V/m 
or more, which does not cause the problem about the toner particle 
attraction can be obtained. 

Also, regarding the relationshipbetween the charge potential 
of the photosensitive drum 101 and the toner particles, when the 
toner particles are negative charged toner particles, the charge 
potential of the surface of the photosensitive drum 101 which is 
the image carrier is in a range of - 300V or less, and when they 
are positive charged particles, the charge potential thereof is 
in a range of +. 300V or less. Namely, the charge potential of the 
surface of the image carrier is set to 1 300 | V or less. 

Therefore, in a state where electrodes are arranged with 
fine pitches, even when a voltage applied between the electrodes 
12 and 12 is a low voltage of 150V to 100V or less, the electric 
field generated becomes very large, so that toner particles adhering 
on the surface of the electrode 12 can easily be released therefrom, 
which allows flying and hopping of the toner particles. Also, the 
amount of ozone or NO generated when a photosensitive body such 
as an OPC is charged can be reduced much largely or up to zero, 
which is of great advantage to environmental problems and the 
durability of the photosensitive body. 

Accordingly, a high voltage bias of 500V to several KV is 
not required which has been applied between the developing roller 
and the photosensitive body in order to release toner particles 
which have attached to the developing roller surface or the carrier 



surface of the conventional system therefrom, so that it becomes 
possible to. form a latent image and develop the same with a very 
low charge potential of the photosensitive body. 

For example, when an OPC photosensitive body is used, the 
thickness of a CTL & KDUJH 7UDQVSRUM/DYHU of the surface thereof 
is 15pm, the dielectric constant e thereof is 3, and the electric 
charge density of a charged toner particle is (- 3E - 4C/m2, the 
surface potential of the OPC becomes about - 170V, In this instance, 
when a pulse-like driving voltage with 0 to - 100V and a duty cycle 
of 50% is applied as an application voltage to the electrodes on 
the transporting base plate, an average voltage becomes - 50V, so 
that, when toner particles are negatively charged, an electric field 
between the electrodes of the transporting base plate and the OPC 
photosensitive body meets the relationship described above. 

At this time, setting a gag (interval) between the 
transporting base plate and the OPC photosensitive body to 0.2 to 
0.3mm allows development sufficiently. The development voltage 
depends on an Q/M of toner particles, an application voltage to 
electrodes of a transporting base plate, a printing speed or a 
rotation speed of a photosensitive body. In instance of negatively 
charged toner particles, the development can be performed when the 
potential which charges the photosensitive body is - 300V or less. 
Alternatively, in a configuration where the developing efficiency 
is preferential, the development can sufficiently be performed even 
when the potential is - 100V or less. In an instance of positively 



• charged toner particles, the charge potential becomes + potential. 

Next, a spacing between the photosensitive body drum 101 
which is the latent image carrier and the transporting base plate 
141 will be explained. By setting the spacing between the a toner 
transporting surface and the latent image carrier within a range 
of 2 to 20 times a flying height of toner particles at a time of 
hopping, when an latent image electric field is present on the latent 
image carrier, toner particles on a region where a flying height 
is high further fly up to the latent image carrier to contribute 
to the development. On the other hand, toner particles on a region 
where the flying height is low can not fly up to the latent image 
carrier and they do not contribute to the development. 

That is, Fig. 10 shows one example of the characteristics 
of the application voltage and the hopping height . When the 
application voltage is, for example, 100V constant, the Q/M of toner 

particles is changed to - 10, - 20, and - 30|iC/g, the speed in a 
vertical direction is changed to Max 065, 1, and 125m/sec, so that 

the flying height (hopping height ) is changed to 100, 125, and 150pm 
according to increase in Q/M. 

Accordingly, when toner particles with a Q/M distribution 
is transported to the toner hopping section to be hopped, toner 
particles whose Q/M are small, for example, toner particles with 
10 to 5jaC/g or less can not contribute to a development due to small 
flying heights thereof, so that the development is performed by 
toner particles with a predetermined Q/M or more. 



Thereby, adhesion of toner particles to the latent image 
can securely be realized, scattering, moving or the like of toner 
particles after adhesion is prevented from occurring, thereby 
allowing development of a high image quality. Further, such a 
problem as a background dirt due to weakly charged toner particles 
or toner particles with a small level reverse polarity, which is 
problematic in the conventional development system can be avoided. 
That is, by applying the electrostatic transportation device 
according to the present invention to the development device to 
perform hopping, it is possible to utilize selectivity of Q/M about 
tonerparticles contributing to a development, and an image formation 
apparatus having a developing unit (development device) which 
performs development of a high image quality at a low voltage. 

In view of the above, a spacing between the toner particle 
transporting face and the latent image carrier can be set within 
a range of 1/2 to 2 times the flying height of toner particles at 
a time of hopping. . 

In this instance, many particles of toner particles which 
have hopped collide on the surface of the latent image carrier at 
a predetermined velocity irrespective of a force due to the latent 
image electric field. As a result, since an attracting force of 
useless toner particles which have adhered to a latent image 
non-forming section is weak and an attracting force of toner 
particles of the outermost layer of toner particles which have 
adhered on a latent image section in a multiple layer is also weak, 



' these toner particles with the weak attracting force are released 
and removed by toner particles colliding against the latent image 
carrier side at a required velocity, so that a larger scavenging 
effect can be obtained and an image with a higher sharpness can 
be obtained. Also, since more toner particles can be transported 
to the surface of the photosensitive body, even an image with a 
high density can be developed at a high speed. 

Next, the driving frequency of the driving waveform applied 
from the driving circuit 142 to the electrodes 12 of the transporting 
base plate 141 will be explained with reference to Fig. 23. Fig. 
23 shows the result obtained by measuring a relationship of a 
transporting velocity to a driving frequency. Incidentally, a 
vertical line in the figure corresponds to the transporting velocity 
but it includes a hopping action in a vertical direction as an action . 

As understood from the same figure, according increase in 
driving frequency, the transporting velocity increases. This is 
because the number of times of hopping of toner particles in the 
vicinity of an electrode due to switching of an electric field 
direction increases. 

In view of the result obtained by actual measurement, by 
setting the driving frequency of the driving waveform within a range 
of 1 to 15KHz, transporting and hopping actions can be performed 
normally. Therefore, by setting the driving frequency of the 
driving waveform according to a printing speed or an image density, 
an image with a high image quality can be formed. 
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That is, assuming that the image density is set to be constant, 
the amount of toner which is consumed for development is increased 
as the printing speed is increased. Assuming that the printing 
speed is set to be constant, the amount of toner which is consumed 
as the image density becomes high. When the amount of toner which 
is consumed increases, it is necessary to provide more toner to 
the toner hopping section (developing section) . Therefore, by 
setting the driving frequency of the driving wave form corresponding 
to the printing speed or the image density, lack of the amount of 
toner to be supplied to the developing section can be prevented 
from occurring, so that an image with a high image quality can be 
obtained. 

Next, a second embodiment of the image formation apparatus 
according to the present invention including the development device 
according to the present invention will be explained with reference 
to Fig. 24. This embodiment is structured such that an electrode 
width LI of the electrode 12 provided on the toner transporting 
section 141T and an electrode pitch Rl thereon are respectively 
different from an electrode width L2 of each electrode 12 provided 
on the toner hopping section 14 IP and an electrode pitch R2 thereon. 

That is, as described above, the electric field serving for 
hopping becomes stronger as both the electrode width L and the 
electrode pitch R are made narrower. Particularly, the electric 
field which can achieve a required velocity without the problem 
about the absorption is in a range of (IE + 6) V/mor more, apreferable 
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' electric field which can provide a further sufficient force for 
hopping is in a range of (2E + 6)V/m or more. 

By making the width L2 of the electrode 12 of the toner hopping 
section 141P narrower than the width LI of the electrode 12 of the 
toner transporting section 141T (L2 < LI) , toner hopping suitable 
for development can be obtained more efficiently. For example, 
the width L2 of the electrode 12 of the toner hopping section 141P 
is set to be 50(jm or less, more preferably 30pm or less. 

Similarly, by making the electrode pitch R2 of the toner 
hopping section 14 IP thinner than the electrode pitch Rl of the 
toner transporting section 14 IT (R2 < Rl) , toner hopping suitable 
for development can be obtained more efficiently. For example, 
the electrode pitch R2 of the toner hopping section 141P is set 
to 50|om or less, more preferably 30jjm or less. 

Thereby, more secure hopping action with a high density can 
be obtained so that development with a high image quality can be 
performed. 

Next, a third embodiment of the image formation apparatus 
according to the present invention including the development device 
according to the present invention will be explained with reference 
to Fig . 25 . This embodiment is provided with a first driving circuit 
151 which applies driving waveforms of n phases to the electrodes 
12 belonging to the toner transporting section 141T, of the plurality 
of electrodes 12 of the transporting base plate 141 and a second 
driving circuit 152 which applies driving waveforms of n phases 



to the electrodes 12 of the toner hopping section 14 IP. 

The first driving circuit 151 applies pulse-like driving 
voltages (driving waveforms) Val, Vbl and Vcl of a first driving 
frequency fl of lKHz to lOKHz to the respective electrodes 12, 12, 
12, ... of the toner transporting section 14 IT of the transporting 
base plate 141. Also, the second driving circuit 152 applies 
pulse-like driving voltages (driving waveforms) Va2, Vb2 and Vc2 
of a second driving frequency f2 of 8KHz to 15KHz to the respective 
electrodes 12, 12, 12 ... of the toner hopping section (developing 
section) 141P of the transporting base plate 141. 

As described above, as the driving frequency of the driving 
waveform increases, the transporting speed (including the hopping 
action) increases . When a large amount of toner exceeding the amount 
of toner consumed in the toner hopping section 14 IP continues to 
be supplied to the developing section, a toner stay may occurs in 
the developing section depending on the area of the toner 
transporting section 14 IT. On the other hand, it is necessary to 
move useless toner which has not been used for development in the 
toner hopping section 141P to the toner recovery member side rapidly. 

Therefore, such a configuration is employed that the driving 
frequency of the driving waveform in the toner transporting section 
14 IT is made relatively low to prevent the amount of toner exceeding 
the amount of toner required from being supplied to the developing 
section, and the hopping speed is increased by making the driving 
frequency in the toner hopping section 14 IP relatively high to allow 



a rapid discharge of useless toner. 

Thus, the transporting and hopping corresponding to the 
amount of toner fed into the developing section and the amount of 
toner consumed in the developing section, and an efficient hopping 
can be performed so that a development with a more stable image 
quality can be performed. 

Next, a fourth embodiment of the image formation apparatus 
according to the present invention including the development device 
according to the present invention will be explained with reference 
to Fig . 26 . This embodiment is provided with a third driving circuit 

153 which applies driving waveforms of n phases to the electrodes 
12 belonging to the toner transporting section 1 4 IT, of the plurality 
of electrodes 12 of the transporting, base plate 141 and a fourth 
driving circuit 154 which applies driving waveforms of n phases 
to the electrodes 12 of the toner hopping section 141P. 

The third driving circuit 153 applies three-phase pulse-like 
driving voltages (driving waveforms) Va3, Vb3 and Vc3 whose voltage 
application duty cycles are relatively large to the respective 
electrodes 12, 12, 12, ... of the toner transporting section 141T 
of the transporting base plate 141 . Also, the fourth driving circuit 

154 applies pulse-like driving voltages of three phases (driving 
waveforms) whose voltage application duty cycles are low to the 
respective electrodes 12, 12, 12 ... of the toner hopping section 
(developing section) 14 IP of the transporting base plate 141. That 
is, for example, the fourth driving circuit 144 outputs the driving 
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waveform whose voltage application duty cycle is 33% shown in Fig. 
16, while the third driving circuit 143 outputs the driving waveform 
whose voltage application duty cycle is about 67%. 

That is, as described above, as the voltage application duty 
cycle of the driving waveforms of n phases becomes smaller, a degree 
of a repelling force and an attracting force acting between the 
observed electrode and both electrodes adjacent thereto becomes 
larger and the transporting speed is increased. 

Accordingly, like the third embodiment, the transporting 
and hopping corresponding to the amount of toner fed into the 
developing section and the amount of toner consumed in the developing 
section can be performed so that a development with a more stable 
image quality can be performed. 

Next, a fifth embodiment of the image formation apparatus 
according to the present invention including the development device 
according to the present invention will be explained with reference 
to Fig . 27 . This embodiment is provided with a fifth driving circuit 
155 which applies driving waveforms of n phases to the plurality 
of electrodes 12 of the transporting base plate 141, and the fifth 
driving circuit 155 outputs waveforms at least one phase of which 
is different in polarity from the other phases, as shown in Fig. 
28. 

Thus, when the driving waveforms of three phases are different 
in polarity (positive, negative polarity and zero voltage), a 
potential difference between the adjacent electrodes becomes high, 



so that the hopping can be performed securely. 

Next, a sixth embodiment of the image formation apparatus 
according to the present invention including the development device 
according to the present invention will be explained with reference 
to Fig. 29. This embodiment is configured such that a latent image 
on the photosensitive drum 101 is developed using a developing roller 
251 constituting a developing section and it is provided with a 
development device 250 which transports and supplies toner to the 
developing roller 252 by an electrostatic force using a toner 
supplying base plate 251 having a constitution similar to the 
transporting base plate explained regarding each electrostatic 
transportation device described above. 

By supplying toner to the developing roller 251 using the 
toner supplying base plate 252 in this manner, configuration of 
a toner supplying system to the developing roller 251 can be 
simplified. Even when the developing roller is used in the 
developing section, small sizing of the development device or the 
image formation apparatus can be achieved. 

Incidentally, in the embodiments of the present invention, 
examples where the electrostatic transportation device according 
to the present invention has been applied to the development- device 
and the image formation apparatus have been explained. However, 
for example, since the magnitude of hopping of toner particles 
depends on Q/m (charge and mass) of toner particles, the 
electrostatic transportation device according to the present 
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invention is applicable to a toner classifying device which selects 
only toner particles with Q/m in a predetermined range, and it is 
also applicable to a classifying device which classifies (selects) 
fine particles other than toner particles . Also, in the embodiments , 
the photosensitive drum is used as the photosensitive body of the 
image formation apparatus, but a belt-like photosensitive body may 
be used in this invention . Also, such a configuration canbe employed 
that an image is once transferred to an intermediate transferring 
member instead of direct transferring of an image on a transferring 
paper . 

As explained above, according to the electrostatic 
transportation device according to the present invention, since 
an electrode width of each electrode and an electrode pitch of a 
plurality of electrodes which generate an electric field for 
performing transporting and hopping of fine particles by an 
electrostatic force are respectively set to predetermined ranges, 
fine particles are prevented from staying so that the fine powders 
can be moved stably and efficiently. 

Here, by forming an inorganic or organic surface protective 
layer with a predetermined thickness which covers electrodes on 
the transporting base plate, an electric field of a vertical 
component can be made strong so that the transporting and hopping 
efficiencies can be improved. 

Also, since the transporting base plate is structured by 
forming thin layer electrodes and a thin layer protective layer 
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' on a base member which serves as a base sequentially in a stacking 
manner by an etching process, a deposition process or a combination 
of the etching process and the deposition process, fine pitch thin 
layer electrodes with a large width size can be manufactured with 
an excellent yield. In addition, an electrostatic force sufficient 
for transporting and hopping of fine particles can be obtained at 
a low voltage so that the fine particles can be moved stably and 
efficiently. 

Also, since the thickness of the electrode is set so as not 
to exceed 3|am, it becomes unnecessary to perform a flattening process 
on the transporting base plate surface even when the surface 
protective layer is provided. 

Further, since the base member which serves as the base of 
the transporting base plate is formed from flexibly deformable 
material, the degree of freedom when the transporting base plate 
is used can be improved. 

Also, since at least outermost layer of the surface protective 
layer provided on the transporting base plate is formed from a 
material positioned in the vicinity of a material used as a charge 
controlling agent of fine particles on a f rictional charge sequence 
or a material positioned at an end side of a polarity opposed to 
the charged polarity of fine particles, variations of the charged 
polarity and the charge amount of fine particles can be suppressed 
so that the hopping efficiency can be prevented from lowering. 

Furthermore, since the outermost surface of the surface 
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protective layer provided on the transporting base plate is coarsened, 
the contacting area of the outermost surface with fine particles 
is reduced and the fine particles are prevented from staying 
efficiently so that the transporting and hopping efficiencies can 
be improved. 

Also, since pulse-like driving waveforms of n phases or more 
(n is an integer of 3 or more) is applied and a voltage application 
time corresponding to one phase is set to be less than [cycle period 
time x (n - 1)/N], the transporting and hopping efficiencies can 
be improved. Further, since pulse-like driving waveforms of n 
phases or more (n is an integer of 3 or more) is applied, and a 
time period when a voltage which repels fine particles is applied 
to an electrode of a observed phase and a time period when a voltage 
which repels fine particles is applied to an upstream side electrode 
adjacent thereto and simultaneously a voltage which attracts fine 
particles is applied to a downstream side electrode adjacent thereto 
are set to 30pm or more, the transporting and hopping efficiencies 
can be improved. 

Furthermore, since the unit which vibrates the transporting 
base plate intermittently or continuously is provided, fine 
particles with a low charge amount can be prevented from staying, 
so that stable and efficient transporting and hopping can be 
performed. 

According to the image formation apparatus according to the 
present invention, since the electrostatic transportation device 
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according to the present invention, which has the transporting base 
plate which transports fine particles towards the developing section 
by an electrostatic force is provided, an efficient toner supplying 
to the developing section can be performed, so that small -si zing 
of the entire apparatus can be achieved. Also, according to the 
image formation apparatus according to the present invention, since 
the electrostatic transportation device according to the present 
invention, which has the transporting base plate which performs 
hopping of fine particles in the latent image carrier by an 
electrostatic force, an image- formation with a high image quality 
can be performed at a low voltage driving . Further, since the image 
formation apparatus according to the present invention is provided 
with both of the electrostatic transportation device, small sizing 
of the apparatus and improvement of an image quality can be achieved. 

In an instance that both of the transporting base plate which 
transports fine particles towards the development device by an 
electrostatic force and the transporting base plate which performs 
hopping of fine particles in the vicinity of the latent image carrier 
by an electrostatic force are provided, a configuration can be 
simplified by forming the two transporting base plates integrally 
or forming the two individual transporting base plates continuously . 

Also, since the width and/or the electrode pitch, in the 
travelling direction of fine particles, of the electrodes of the 
transporting base plate which performs hopping of fine particles 
in the vicinity of the latent image carrier is narrower than the 
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width and/or the electrode pitch, in the travelling direction of 
fine particles, of electrodes of the transporting base plate which 
transports fine particles towards the development device by an 
electrostatic force, the amount of supply of fine particles and 
the amount of consumption thereof can be balanced with each other, 
so that more stable development can be performed. 

In each image formation apparatus according to the present 
invention, since the transporting base plate which performs hopping 
of fine particles by an electrostatic force is provided with a 
plurality of electrodes which generates lines of electric force 
of a vertical component serving as hopping action above the 
electrodes, the developing efficiency can be improved. 

Also, since a vertical field intensity at a height position 
corresponding to the diameter of each fine particle on the surface 
in the vicinity of the electrode center of the surface of the 
transporting base plate which performs hopping of fine particles 
by an electrostatic force is 1 x 106V/m or more, the developing 
efficiency can be improved. 

Further, since the charge potential of the latent image 
carrier surface is I 300 I V or less, a development at a low potential 
is made possible, generation of ozone at a time of charge can be 
reduced and the durability of the latent image carrier can be 
improved . 

Furthermore, since the spacing between the latent image 
carrier and the surface of the transporting base plate which performs 
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hopping of fine particles by an electrostatic force is in a range 
of 2 to 10 times the flying height of fine particles at a time of 
hopping, an image with a high image quality can be obtained at a 
low voltage. Alternatively, since the spacing between the latent 
image carrier and the surface of the transporting base plate which 
performs hopping of fine particles by an electrostatic force is 
in a range of 1/2 to 2 times the flying height of fine particles 
at a time of hopping, the scavenger effect can be increased and 
a high density image can be developed at a high speed. 

Also, since driving waveforms where a driving frequency of 
each phase is in a range of lKHz to 15KHz are applied to the electrodes 
of the transporting base plate which performs hopping of fine 
particles by an electrostatic force, the transporting and hopping 
efficiencies can be improved and the developing efficiency can be 
improved . Further, since driving waveforms where at least one phase 
is different in polarity from another phase are applied to the 
electrodes of the transporting base plate which performs hopping 
of fine particles by an electrostatic force, the transporting and 
hopping efficiencies can be improved and the developing efficiency 
can be improved. 

Further, since the driving waveform which is applied to the 
electrodes of the transporting base plate which transports fine 
particles and the driving waveform which is applied to the electrodes 
of the transporting base plate which performs hopping of fine 
particles are different in frequency or voltage application duty 
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cycle, the supply amount of fine particles and the consumption amount 
thereof can be well balanced with each other, and a more stable 
development can be performed. 

According to the development device according to the present 
invention, since the electrostatic transportation device according 
to the present invention, which has the transporting base plate 
which transports fine particles towards the developing section by 
an electrostatic force is provided, an efficient toner supply to 
the developing section can be performed and the small-sizing of 
the development device can be achieved. Also, according to the 
development device according to the present invention, since the 
electrostatic transportation device according to the present 
invention, which has the transporting base plate which performs 
hopping of fine particles in the vicinity of the latent image carrier 
by an electrostatic force is provided, a development with a high 
image quality can be performed at a low voltage driving . Furthermore, 
according to the image formation apparatus according to the present 
invention, since the image formation apparatus according to the 
present invention is provided with the electrostatic transportation 
device having both the transporting base plates, small-sizing of 
the apparatus and improvement of an image quality can be achieved. 

The present document incorporates by reference the entire 
contents of Japanese priority documents, 2001-073565 filed in Japan 
on March 15, 2001 and 2002-034814 filed in Japan on February 13, 
2002. 
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Although the invention has been described with respect to 
a specific embodiment for a complete and clear disclosure, the 
appended claims are not to be thus limited but are to be construed 
as embodying all modifications and alternative constructions that 
may occur to one skilled in the art which fairly fall within the 
basic teaching herein set forth. 
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